@ 


il 


nN ANNALS OF THE NEW YORK ACADEMY OF SCIENCES 


oe 
+, b VOLUME 62, ARTICLE 1, PAGES 1-30 
aet. |-13 
9455/1954 
Editor 


Roy WALDO MINER 


A 


ON THE DEVELOPMENT AND REPRODUCTION OF THE 
ANTHOMEDUSAN MARGELOPSIS HAECKELI HARTLAUB 


BY 
BERNHARD WERNER 


a NEW YORK 


PUBLISHED BY THE ACADEMY 
August 12, 1955 


<THE NEW YORK ACADEMY OF SCIENCES 
(Founded in 1817) meat 
COUNCIL, 1955 ~ : 

President 

MAURICE L. TAINTER 
President-Elect eae 
WALTER ROOT 
Vice-Presidents 2 

WILLIAM H. COLE ROSS F. NIGRELLI 


Recording Secretary ; Corresponding Secretary 
CHARLES W. MUSHETT -  JUNIUS BIRD 
Treasurer Editor 


RICHARD O. ROBLIN ROY WALDO MINER 


Elected Councilors 


1953-1955 a , 
EDWARD J. KEMPF CHARLES D. MARPLE 
BORIS PREGEL F JOHN TURKEVICH 
1954-1956 
JOHN M. CONVERSE ee ea tan, B. M. DUGGAR 
RANDOLPH T. MAJOR ABRAHAM SLAVIN 
1955-1957 Sita : 
M J. KOPAC LLOYD C. MILLER 
C. P. RHOADS ; ELMER L. SEVRINGHAUS 


Finance Committee 


HARDEN F. TAYLOR, Chairman _ 
GORDON Y. BILLARD j ROBERT F. LIGHT 


Executive Director 
EUNICE THOMAS MINER 
SECTION OF GEOLOGY AND MINERALOGY __ 
ANGELINA ROSE MESSINA, Chairman M. HALL TAYLOR, Secretary 
SECTION OF BIOLOGY , 
HILARY KOPROWSKI, Chairman DANIEL LUDWIG, Secretary 
s DIVISION OF MYCOLOGY 
JOHN B. ROUTIEN, Chairman _ MARGARITA SILVA, Secretary 
SECTION OF PSYCHOLOGY 
ALBERTA S. GILINSKY, Chairman: ROBERT HERRICK, Secretary 
SECTION OF ANTHROPOLOGY 
JOSEPH BRAM, Chairman RICHARD B. WOODBURY, Secretary 


SECTION OF PHYSICS AND CHEMISTRY 
CECIL V. KING, Chairman FRANK COLLINS, Secretary 


SECTION OF OCEANOGRAPHY AND METEOROLOGY 
ERNEST J. CHRISTIE, Chairman MAYNARD E. SMITH, Secretary 
SECTION OF MATHEMATICS AND ENGINEERING 7 
NICHOLAS V. FEODOROFF, Chairman 


The Sections and the Division hold meetings regularly, one evening cach month, during 


the academic year, October to May, inclusive. F 
Two-day conferences are also held at irregular intervals. All meetings are held at the 


building of The New York Academy of Sciences, 2 East Sixty-third Street, New York 21, 


New York. 


=. 
+ 


Eiee tke athe atti teeth, *« pte ee biases 


_2 ANNALS OF THE NEW YORK ACADEMY OF SCIENCES 


VOLUME 62, ARTICLE 1, PAGES 1-30 


August 12, 1955 


Editor 
ROY WALDO MINER 


ON THE DEVELOPMENT AND REPRODUCTION OF THE 
ANTHOMEDUSAN MARGELOPSIS HAECKELI HARTLAUB * 


BY 
BERNHARD WERNER 


Biologische Anstalt Helgoland, List a. Sylt in the Bundesfor- 
schungsanstalt fur Fischerei, List a. Sylt, West Germany 


CONTENTS 


PES EROCUIGEIOM ah ener ne eee sajescie ce oicialels x <iataiern olsiolsie Sa cis atetsiae eplaisieisivfnee mon Unb eu acon a dee RConA Toe 
General Data on Morphology and Development .................:seee seer eee ee ee eeees 
Results of the Author’s Observations «2... 202.005 sese.sccntscarscesstetscrstanceeecors 
(1) Absence of males and parthenogenetic development ...............0055 
(2) Production of two types of eggs by the medusa ...................... esse 
(3) Formation of resting or winter stageS................. esses esse nese eee eens 
(4) Effects of external factors on the egg determination...................... 
Discussion 


*Awarded an A. Cressy Morrison Prize in Natural Science 
in 1953 by The New York Academy of Sciences 


1 


ON THE DEVELOPMENT AND REPRODUCTION OF THE 
ANTHOMEDUSAN MARGELOPSIS HAECKELI HARTLAUB 


BY 


BERNHARD WERNER 


Introduction 


It is well known that the typical reproduction in the order Hydroida 
of the class Hydrozoa represents a metagenesis, i.e., the alternation 
of generations of the sedentary asexual hydroid with the pelagic sexual 
medusa. In numerous species, deviations from this type occur that, in 
their variety, equal the abundance of forms of this group. The deviations 
are found mainly in the generation of the medusa that, in many cases, does 
not separate from the hydroid and, therefore, shows gradual reduction in 
various species. In extreme cases, one could speak about ‘‘sexual 
organs’’ and ‘‘sexual products’’ even in marine hydroid polyps, as is 
actually the case in the freshwater family Hydridae. On the other hand, 
no case is known in Hydroida with the polyp generation absent. Without 
discussing the question whether, phylogenetically, the hydroid or the 
medusa should be considered the primitive form, it is to be pointed out 
that the hydroid is the more hardy generation, and that it endures un- 
favorable seasons to produce the gonophores formed periodically in the 

" season during which conditions for reproduction characteristic for the 
respective species are favorable. 

Our knowledge of the reproduction of the marine hydroids that possess 
a pelagic medusa is scanty, since often only the medusa or the hydroid 
of the species is known. Hence, in those Hydromedusae in which -no 
hydroid generation is recorded, its existence can be inferred only from 
the seasonally strictly limited occurrence of the medusae. In certain 
cases, however, the similarities in the medusae and the hydroids of 
closely related species are so great that it is often not possible to 
identify the medusae and their hydroids. The best method of identifi- 
cation, namely, rearing them in the laboratory, is difficult, due to the 
necessity of rearing two generations and, because of the delicacy of 
many forms, it could therefore be accomplished only in a few cases. 

In the suborder Athecatae Anthomedusae, certain genera are peculiar 
and very interesting, because of the solitary and pelagic life of the 
hydroid generation, in which they differ from other hydroids. This is 
exemplified by the genera Margelopsis (Hartlaub, 1897), Pelagohydra 
(Dendy, 1902), and Climacodon (Uchida, 1924). In previous systematic 
reports (Hartlaub, 1907; Mayer, 1910; Kiihn, 1913; Broch, 1924; Stechow, 
1924), the medusae of the first two genera were grouped with the family 
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Codonidae, while their hydroids, often bearing the Same name as the 
medusae, were placed in the family Tubulariidae. With Leloup (1929), 
Ectopleura L. Agassiz 1862 and Corymorpha Sars 1835 are to be con- 
sidered as genera more closely related to Margelopsis, the hydroids of 
which are solitary and sedentary and also produce free medusae. As 
suggested by Rees (1941), a separate family Margelopsidae with the 
subfamilies Pelagohydrinae and Margelopsinae must be formed. 

A pelagic hydroid similar to Margelopsis had been already described 
by McCrady (1857), but was erroneously placed with the medusa Nemopsis. 
Finally, Hartlaub (1899) cleared up for Margelopsis haeckeli the con- 
nection between the medusa already discovered and described by him 
in 1897 and the pelagic hydroid. He succeeded in doing this since 
hydroids and medusae occurred at the same time in the plankton of the 
waters near the island of Heligoland, Germany, and because he 
was able to observe the development of the hydroid from the egg cell 
upward. According to the report of Hartlaub, the occurrence of the hydroids 
and medusae in the plankton was always confined to a few weeks in 
July and August and was very inconstant from year to year. Leloup(1929)* 
records medusae and hydroids found in plankton samples taken in June 
of the years 1906 and 1914, off the coast of Belgium. Additional original 
reports on the occurrence and spreading of this species are given by 
Kiinne (1952), who has found the species to be a regular part of the 
life stock of the summer plankton in the shallow sea off Northern Sylt. 
On the development and reproduction, apparently, no further publications 
exist except the reports of Hartlaub. Only Muller (1908) has examined 
the origin and structure of the egg cells in the gonad. Hence, the fate 
of:the medusa and hydroid generations during the remainder of the year 
has hitherto been unknown. Since the fall of 1952,1 succeeded in carrying 
out rearing experiments with medusae and hydroids of Margelopsis 
haeckeli; and therefore, it was possible to clear up this question and to 
make further observations on the development and reproduction. The 
report on these observations will be given below. 


General Data on Morphology and Development 


The morphology of the polyp and the medusa, as well as their 
development, have been known from the descriptions of Hartlaub (1897, 
1899, 1907; Mayer, 1910; Kuhn, 1913; Broch, 1928) and from the further 
statements on the hydroid by Leloup (1929). According to the author’s 
observations, however, some corrections are necessary. Where there 
are differences between my statements and those of Hartlaub, those of 
the latter author are set in parentheses. 


*Cf. Kramp, 1930. 
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(1) Medusa (FiGuREs 1 and 2). 


Bell. Height to 2 mm., a little greater than width; jelly thick; with 
exumbrellar nematocysts; radial canals simple. 

Manubrium. Length, 2/3 to 1/1 (2/3) of height of bell, with wide 
base; upper third free of the gonad, so that the transparent, large-celled 
endoderm here can be seen from outside. The endoderm base of the 
manubrium extends through the apical gelatinous layer to the apex. The 
color of the manubrium is greyish-brown. The mouth opening is Simple 
without oral tentacles. 

Gonad. Simple tubular, encircles the manubrium. 

Bell margin. Radial clusters of 4 to 7 (3 to 4) solid, slightly con- 
tractile tentacles on each of the 4 marginal bulbs, which are brownish 
colored. No ocelli. Velum well developed. 

The number of tentacles has been regarded hitherto as a systematic 


FIGURE 1. Margelopsis haeckeli, medusa, lateral view. Several blastulae 
and one actinula are to be seen on the somewhat contracted manubrium. x 45. 
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feature. The number of 3 to 4 tentacles given for each cluster by Hartlaub 
is seen only in the young, not fully developed medusae. Fully grown 
medusae in my cultures bear 4 to 7 tentacles (see TABLE 1). Some 
medusae have as many as 8 to 9 tentacles in one or more of the 4 clusters. 
Therefore, regarding the number of tentacles only, there are no systematic 
differences between Margelopsis haeckeli and the American species 
M. gibbesi (McCrady, 1857), which has 5 to 6 tentacles in each marginal 
bulb (Mayer, 1910). 

The reproduction of the medusa is especially remarkable regarding 
the mode of parental care. The eggs discharged from the gonad remain 
connected with the ectoderm of the manubrium, and there they develop 
to an actinulalike hydroid. A free planula stage is omitted. The medusae 
found in summer plankton samples bear a greater or smaller number of 
eggs in different stages on the manubrium. They are absent only in the 
young unripe medusae. 


FIGURE 2. Margelopsis haeckeli, medusa, apical view. Numerous develop- 
ment stages derived from subitan eggs on the manubrium. x 30. 
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(2) Hydroid. 


The young hydroid, when set free (FIGURE 3), is about 0.4 mm. in 
length. It attains its definite shape shortly thereafter, and then differs 
only in its smaller size and the absence of medusa buds from the fully 
grown polyp (FIGURE 4). 

Size. Length 1 to 2 mm. (1 mm.). 

Shape. Pear-shaped or cylindrical with conical oral part. The aboral 
pole terminates in a short stalk with a sucker-shaped depression [‘‘La 
cupule apicale,’’ (Leloup, 1929)]. 

Tentacles. Two definite circlets, one oral with 5 to 7 tentacles and 
one aboral, with 12 to 15 somewhat longer, alternating tentacles. All 
tentacles are more or less capitate, but have ring-shaped or spiral 
batteries of mematocysts throughout their whole length. Immediately 
above the aboral tentacles, the medusa buds are produced on the sides 
of the hydranth. The newly liberated medusae are well developed and 
have 2 to3 tentacles on each of the 4 marginal bulbs. The larger hydroids 
of the summer plankton generally bear numerous medusa buds at different 
stages. 

Hartlaub (1907, page 91) points out that the medusae do not arise 
from a branched stalk, as in Tubularia, but arise immediately from the 
side of the hydranth. As for myself, I have often observed well-fed 


FIGURE 3. Margelopsis haeckeli, young hydroid. x 170. 
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FIGURE 4. Margelopsis haeckeli, fully grown hydroid, bearing two medusa 
buds of different development stages. x 30. 


hydroids in my cultures with medusa buds arising from the sides of the 
polyp, not single but in groups, in which the first budded medusa was 
the largest while, on the attachment point, several smaller medusae 
arose from a short, but clearly distinct common stalk. 

Furthermore, Hartlaub (1899, page 4) supposed that the above- 
mentioned aboral pole with the sucker-shaped depression was not the 
residue of a stem and, therefore, not homologous to the stem of Tubularia, 
but was reminiscent of a young development stage of the pneumatophore 
of Physophora (Siphonophora). Letoup (1929) agreed with this opinion. 
Apparently, Hartlaub was led to this idea by his observation of the 
position of the polyp floating or sinking in the culture-bowls, where the 
aboral pole is always the upper one while, in the related sedentary 
Tubulariidae, the oral pole is the upper one. These statements of Hartlaub 
suggested to later authors (among them, Leloup, loc. cit.) that the 
Siphonophora originated from Margelopsis-like hydroids (see Korschelt- 
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Heider, 1936, page 181f). Without discussing this question, one must 
comment on Hartlaub’s statements that the hydroid of Margelopsis,. 
because of the absence of active swimming movements, can live a 
pelagic existence only in streaming water but that, in quiet-water, it 
sinks to the bottom in spite of its light weight and the long tentacles 
used as floating organs. Except for the movements of the single tentacles 
that are used in searching for prey, or react as organs of touch, the 
hydroid exhibits a jerking beating of all tentacles together. Hartlaub 
explained this peculiar behavior as an expression of indisposition, 
Since it was observed by him in dying specimens. Yet this sudden mode 
of movement is also present in quite healthy specimens, so that it 
apparently represents a normal reaction in contacting organisms used 
for prey. Hence, it seems to be a capturing activity because, in the case 
of all or a large number of tentacles, it results in a more rapid sinking. 

Furthermore, I often observed in my own cultures, under quiet-water 
conditions, that fully grown hydroids do not regularly sink in the manner 
described by Hartlaub. Therefore, it does not seem probable that hydroids 
take a position with the aboral pole uppermost in streaming water. 
Besides, one could expect the aboral pole of the hydroid to be hollow 
if it had to serve as a floating organ while, on the contrary, it is filled 
in with large-celled transparent endoderm cells (cf. Leloup, 1929). 
Finally, in several hundred hydroids reared in my cultures, I was able 
to observe that the organ referred to really functions as a sucker-organ, 
Since its cells secrete a mucous matter, enabling the hydroids to attach 
themselves to the bottom. This attachment, however, is not a durable 
one, for often a strong stream of water from a pipette is sufficient to 
liberate the attached hydroid from the substratum. Also, unattached 
polyps were often observed to have detritus particles fixed by mucous 
secretion to their aboral poles. Therefore, in Margelopsis, the aboral 
pole is really homologous to the corresponding organ by which the 
Tubularian actinula attaches itself as Kiihn (1913, page 59f) has already 
surmised. 


Results of the Author’s Observations 


For the culture experiments started at the end of August 1952, a 
few medusae and hydroids from plankton samples served as starting 
stock. Soon both generations, under good rearing conditions and good 
feeding methods, were not only kept alive for many weeks, but even 
continued their development and reproduction. By rearing these organisms 
at room temperatures of 15 to 20° C., and by renewing the water daily 
during the winter and until spring, 1953, abundant material of numerous 
generations of medusae and hydroids was available at a time when both 
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generations are absent in the plankton of the open sea. Hence, Margelopsis 
represents an excellent, new material for laboratory rearing and artificial 
breeding experiments. 

(1) Absence of males and parthenogenetic development. The young 
medusae produced by the hydroids by budding (FicurRE 4) have a 
diameter of about 0.5 mm. when set free. The rearing experiments soon 
showed, at first, that a large number of specimens appeared to have the 
same development and the same mode of reproduction. Egg cells were 
produced by all medusae after the onset of sexual maturity. The egg cells 
developed on the manubrium to small hydroids in the manner described 
by Hartlaub. It was extremely surprising that this mode of reproduction 
was present in all medusae without a true male specimen having been 
found. Since hermaphroditism occurs in some Hydromedusae (Kthn, 1913; 
Broch, 1928) the question arose as to whether, in this case, a hitherto 
unknown example of hermaphroditism was present, for I could not find 
any specimen showing signs of male sexual organs separated from the 
apparently female gonad, which is situated in the ectoderm of the 
manubrium. The examination of preparations of the living gonad material 
treated with the carmine-acetic method also gave negative results, and 
no traces of normal spermatogenesis were found. 

Therefore, young medusae were isolated immediately after liberation 
from the hydroids and were reared as solitary specimens, with every 
precaution. In all cases, the result was the same. In each of the isolated 
medusae, egg cells were produced in the gonad after the beginning of 
sexual maturity. All eggs underwent normal cleavage and developed to 
hydroids. Several hundreds of medusae reared in the cultures under 
exact control have produced egg cells and represent, therefore, females, 
without a single male specimen being found. Also, the further histological 
examination of paraffin slices of gonad material of young and older 
medusae was negative, regarding the development of normal sperm. 
Therefore, in Margelopsis, consecutive or simultaneous hermaphroditism, 
and thereby also self-fertilization does not occur. Rather, everything 
points to parthenogenetic development; at least, under the conditions 
prevailing in the cultures. ' 

It is of interest that Hartlaub (1907)* supposed that the ova developed 
on the manubrium were fertilized, but that, apparently, he did not find 
any male medusa in his plankton samples, since he does not mention 
them anywhere. Besides, it is not probable that this exact expert of the 
morphology and development of the Hydrozoa would overlook a case of 
true hermaphroditism in Margelopsis. Miller (1908, page 43ff.) points 
out that he did not find any male specimens among those examined. 


On the other hand, during his histological examination of the gonad 
*Cf. Kuhn, 1913, page 59. 2 
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material, he saw cell elements which, in consequence of their small 
size and their chromatic structure, suggested spermatids but did not 
show true signs of a typical spermatogenesis. According to my obser- 
vations, therefore, any mode of hermaphroditism and, consequently, of 
self-fertilization, is not probable, at least of such a nature as was con- 
sidered possible by Miiller. The fact that Mayer (1910) describes and 
figures males of the closely related American species Margelopsis 
gibbesi does not exclude parthenogenesis in Margelopsis haeckeli, since 
among the Hydroida different modes of development occur in related 
species. Nevertheless, it is very desirable to examine the occurrence 
of both the sexes in M. gibbesi. It was not, hitherto, possible for me 
to have a glance at the original literature on this American species 
and to ascertain whether or not the statement of the occurrence of males 
is based on suitable histological investigation and on a proof of sperma- 
togenesis. The examination of this question is necessary because, in 
M. haeckeli, in the stage immediately before the beginning of the pro- 
duction of resting eggs (see below, page 15), the gonad could be 
considered a male, if only seen externally and without any histological 
examination, and without knowledge of its further development. It is 
striking that the males of M. gibbesi figured by Mayer (1910, plate 9; 
figures 4, 5) are of a larger size than the female (figure 6), hence the 
examination of the real occurrence of true males in M. gibbesi is very 
desirable, the more so since these two species are apparently closely 
related (see pages 5 and 8 above, regarding the number of tentacles). 

The absence of males and the development by parthenogenesis in 
M. haeckeli, as shown by our rearing experiments, are supported by 
the examination of the sexual ratio of the medusae in plankton samples. 
In the summer of 1953, in the daily plankton samplings, only a few 
medusae were found until the end of July. In the period from July 27 to 
August 3, medusae were more abundant. In several samples of the total 
of 114 medusae examined when living, no male was found. Further 
investigations must show whether or not, under special conditions, males 
can also occur occasionally. Moreover, further intensive histological 
and cytological examination is necessary, since in the process of 
odgenesis, especially in the presence of meiosis and in the formation of 
the polar bodies, deviations from the normal gametogenesis must be 


expected. 
(2) Production of two types of eggs by the medusa. The rearing of 


the single medusae or of those kept in groups, during a longer time, led 
to a further surprising result. In many medusae, it could be observed 
that the production of eggs was completed a certain time after the 
formation of a smaller or greater number of ova. Under favorable con- 
ditions, expecially when well fed, however, a second production of egg 
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cells was formed in the gonad that, when discharged from the gonad, 
remained attached to the manubrium and continued developing. These 
cells were distinguished from the first production of egg cells by their 
larger diameter and larger volume. Since this fact was observed regularly, 
and since it was soon observed that the development of the second 
larger egg type was of another mode, it could not be considered a patho- 
logical feature caused by the culture conditions, but actually a hitherto 
unknown mode of the normal development. The intensive examination of 
the two egg types, especially the comparison of their origin, their 
development, and the fate of the stages derived from them, in the com- 
parative examination of the growth of their medusae, gave the following 
results: 

(a) The medusa attains sexual maturity, expressed at first by the 
growth of the gonad epithelium; then by the forming of the egg cells 
of the first produced smaller type, when it was not yet fully devel- 
oped in size of the bell and number of tentacles (the bell diameter 
being about 1.0 te 1.5 mm., and the number of tentacles being 3 to 
5 in each marginal bulb). It is typical that the growth and extension 
of the gonad epithelium is, at first, not very thick and is confined to 
the oral half of the manubrium. The gonad epithelium becomes thicker 
only in regions where there are egg cells developing. These cells, 
being visible from the outside soon after their origin and having been 
extruded from the gonad, remain connected with the manubrium ectoderm 
by a short peduncle. At the start of the egg production, the ova are pro- 
duced only in the oral region of the manubrium about one quarter of the 
distance from the mouth opening. The total production of eggs of the 
smaller type depends on the nutritional conditions of the medusa and var- 
ies in number from a few egg cells to 30 or 40. For the most part, only two 
to three egg cells mature and emerge at the same time. Often a medusa 
bears 20 to 30 eggs and embryos on the manubrium, of different age and 
different stages of development, including just extruded uncleaved egg 
cells, eggs in different stages of cell division, blastulae of different 
sizes, also early stages of actinulae with newly formed tentacles and, 
finally , polyps ripe to be set free. 

The first-produced egg-cell type has a diameter of 0.125 mm. 
(average of 100 measurements). The diameter does not change to a great 
extent during the cleavage, the so-called sterroblastula being formed in 
the usual manner, while cleavage and the development of the germ 
layer occurs at the same time (Korschelt-Heider, 1936, page 95ff.). The 
size of the embryo first becomes large simultaneously with the ap- 
“pearance of the gastral cavity in the. endoderm, thus introducing the 
formation of the actinula (F1GuREs 2, 6a) and continuing until the moment 
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FIGURE 5. Margelopsis haeckeli, two medusae, apical view. Left: subitan 
eggs on the manubrium. Right: resting eggs. x 50. 


of liberation from the medusa is reached. During its development, the 
hydroid is attached to the manubrium by the later oral pole. When set 
free from the manubrium, the hydroid is extruded from the umbrellar 
cavity by the swimming movements of the medusa. The essential features 
of this first-produced egg type are its smaller size and the continuity 
of development from the egg to the hydroid. The duration of this develop- 
ment is, depending on the temperature, four to eight days. As will 
become more evident from further observations, the eggs of this type 
cofrespond to the so-called ‘‘subitan eggs’’ or summer eggs of the 
Rotatoria and Cladocera(see below, pages 25-26). 

(b) After some time, as already mentioned, the period of the pro- 
duction of the subitan eggs is completed in medusae that are well fed 
and living under the best conditions. Nevertheless, the functions and 
activity of the ovary are not yet finished. While the medusa continues 
growing, its further development is indicated by a rapidly growing 
thickness and enlargement extending toward the aboral half of the 
manubrium. Only the basal part of the latter remains, now as before, 
free from the gonad epithelium. This development soon leads to the 
production of new egg cells which are visible from the outside while 
being formed in the ovary. When they are discharged, they remain 
attached to the ectoderm of the manubrium by a short peduncle like that 
of the subitan eggs. But the egg cells of the second production period 
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FIGURE 6. Margelopsis haeckeli, manubria of medusae, with more or less 
reduced bell, reproducing. (c) The manubrium experimentally separated from the 
bell: (a) and (c) x 60; (b) x 40. 


differ principally from those of the first by several essential features, 
above all, by the difference in size, which is 0.187 mm. (the average of 
100 measurements). The difference in size, as compared with the subitan 
eggs, becomes more striking when the average volumes of both egg 
types are compared. The volumes are calculated from the diameters of 
the spherical eggs as 0.001203 mm? and 0.003424 mm.* respectively. 
Correlated with larger sizes, the eggs of the second type get a larger 
store of the yolklike reserve substance than the smaller subitan eggs. 
In FIGURE 5, each of the two medusae represented bears one of the 
two egg types on the manubrium, the difference between them, especially 
in size, being conspicuous. 

It is essential to the growth of the medusa that it should regularly 
reach the full size of the bell (about 2 mm.) and the full number of 
tentacles (4 to 7 on each marginal bulb) during the period of production 
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of the larger egg type. This is most striking when, after finishing the 
production of the subitan eggs, a resting period occurs, providing for the 
accumulation of new reserve substance and the initiation of the following 
period of producing the larger eggs. In other cases, the production of 
subitan eggs was observed to be followed immediately by the production 
of the second egg type, with no signs of a resting period for the ovary 
being seen. Subitan eggs, or stages derived from them, then occurred, 
concurrently with the development of the larger eggs on the manubrium. 
This was often the case when only a small number of subitan eggs was 
produced. 

Ficure § shows a further difference between the two medusae in 
the different number of egg cells in correlation with the difference in 
time required for the formation of the two types of eggs in the ovary. The 
smaller subitan eggs are formed in a somewhat comparatively shorter 
time, so that often a large number with little difference of development 
occurs on the manubrium. By reason of the greater consumption of storage 
substance, the eggs of the second type are formed in a somewhat slower 
series. Generally, only one or two of this type are formed in the ovary 
at the same time, one of which usually shows an advantage in develop- 
ment. Therefore, more than five or six of the larger eggs seldom occur 
on the manubrium at the same time. Besides, the usually larger number 
of subitan eggs must be ascribed to the fact that they remain attached 
to the manubrium for a longer time (note observations below on the 
further development of the larger eggs). 

In TABLE 1, three examples are given of the growth and reproduction 
of medusae. 

After the production of a smaller or larger number of eggs of the 
second type, the growth of the medusa and the activity of the gonad is 
ended. The initial features of the reduction are a shrinking of the bell 
and a shortening of the tentacles. Thereafter, the manubrium is pro- 
gressively reduced from the base toward the mouth opening. At times, 
I was able to observe that the gonad can remain active by artificial 
feeding of the manubrium, the bell and the tentacles being even more or 
less reduced (F1GuRE 6a and b). In extreme cases, the manubrium is 
able to live and to produce egg cells after the total reduction of the 
bell. This fact, occasionally observed in some culture specimens, can 
be duplicated experimentally by separating the manubrium from the bell, 
using a hair noose (FIGURE 6c). Furthermore, if the manubrium is fed, 
it gives rise to apparently normal egg cells, which, after extrusion from 
the gonad, develop on the manubrium in the regular mode, as above 
described. These observations show that, in Margelopsis haeckeli, the 
manubrium can function for reproduction by itself, without the bell being 
present: 
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FIGURE 7. Margelopsis haeckeli, in the four-cells stage, derived from a 
resting egg. (a) Living egg showing undischarged nematocysts on the periphery 
of the cells: x 220. (b) The same egg fixed showing the nematocysts discharged: 
X 320. 
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(3) Formation of resting or winter stages. Further examination of 
the fate of the second egg type showed that a striking new mode of 
development is present, resting or winter stages being originated from 
it. Therefore, the larger eggs of the second type are to be called resting 
eggs or winter eggs. After extrusion from the gonad, they begin develop- 
ing and cleaving on the manubrium as already mentioned above. The 
uncleaved eggs and the first stages of cell division show a remarkable 
feature in that their surface gives a rather prickly impression (FIGURE 7). 
When examined under higher microscopic enlargement, one finds that 
this impression is caused by the presence of numerous nematocysts 
originating from the ectoderm of the manubrium, which remain attached to 
the surface of the egg cell after extrusion from the ovary. A similar obser- 
vation is made by Hartlaub (1897) regarding the eggs of Bougainvillia 
superciliaris, but he gives no explanation for the importance of this 
fact. On the other hand, the surface of the subitan eggs is smooth and 
without nematocysts. In only a few subitan eggs could I observe the 
presence of some nematocysts that may have been attached occasionally 
when discharged from the ectoderm. The regular occurrence of numerous 
nematocysts on the surface of the resting eggs, however, can be only 
explained as a feature of normal development, if only in consequence of 
its regularity. 

The first cleavage of the resting eggs takes place immediately after 
their extrusion from the ovary and, apparently, without showing any 
great difference from the mode of cell division of the subitan eggs. 
However, it must be ascertained by further investigation whether or 
not differences occur in the mode or speed of the cleavage, as caused 
by the greater store of yolk matter. In every case, cell division and 
further development of the resting eggs is stopped when the sterroblastula 
stage is reached. Seen from the outside, this stage is characterized by 
the separation of the outer, somewhat transparent yolk-poor ectoderm 
layer from the inside solid mass of the larger yolk-rich endoderm cells. 
The sterroblastula has an opaque, greyish-white color. Because of this 
color and because of the lack of an internal cavity, this stage is easily 
distinguished from stages of adequate size and possessing a gastral 
cavity which originate from subitan eggs and are more or less trans- 
parent (rFiguRE 8). The surface of the sterroblastula developed from 
the resting eggs is now smooth, since the nematocysts are embedded 
in the outer ectoderm layer during the later stages of cell division. 

As distinguished from the subitan eggs, in which, as mentioned 
above, the further development to the actinula immediately follows the 
sterroblastula stage, the resting eggs remain stationary at this phase 
without further development. The connection with the ectoderm of the 
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FIGURE 8. Margelopsis haeckeli. Below left, three different blastula stages 
derived from subitan eggs. Above right, three resting stages. Compare the 
difference in size and transparency. x 100. 


manubrium weakens 2 to 3 days after the eggs are formed in the ovary, 
so that they are extruded from the subumbrellar cavity by the swimming 
movements of the medusae. In consequence of their large yolk contents, 
they have a higher specific gravity than sea water and, therefore, they 
sink to the bottom, to which they attach themselves. The nematocysts 
originated from the ectoderm of the manubrium serve, apparently, for 
the first attachment, since they are already fully developed and com- 
pletely able to function at the uncleaved egg stage or at the first cell 
division by examination as shown under acid fluids (rF1GuRE 7b). This 
conclusion is supported by the fact that only nematocysts of one type 
are present, namely, haplonemes (‘‘stereoline glutinants’’) which have 
primarily an attaching function, even though heteronemes in the ecto- 
derm of the manubrium are also present. This specialized function of 
the nematocysts clearly supports the author’s opinion that they serve 
for the first attachment of the resting stage when touching the sea 
bottom or any other solid material. From this observation, it must be 
concluded that an interesting physiological affinity exists between this 
type of nematocyst and the resting eggs. 

Another more intensive fastening of the resting stage to the bottom 
immediately follows, simultaneously with the beginning of a new period 
of development. This process, however, does not bring about a further 
differentiation of the germ layers but only a change of shape and the 
formation of a protecting peridermlike covering. The change of shape 
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causes the first globular resting stage to become more semispherical 
(FIGURE 9a, b, and c) and even thick-lenticular in shape, with a flattened 
undersurface. A very firm attachment results from this change of form, 
so that the embryo, at this stage, cannot be loosened from the bottom 
without destroying it. In this process, the ectoderm cells first take the 


FIGURE 9. Margelopsis haeckeli, hydroids hatched out of the resting bottom 
stages. (a) Showing the newly hatched and poorly developed hydroid: x 170. 
(b) The polygonal pattern of the peridermlike covering: x 140. (c) Lateral view 
of the covering: x 140. 
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active part, while the mass of endoderm cells undergoes a more passive 
change of form. The diameter of the resting stage enlarges during the 
process of attachment and change of shape, which is modified according 
to the degree of flattening, by 0.20 to 0.25 mm. 

Accompanying the change of form, a sticky substance is secreted 
on the outer surface of the ectoderm cells, causing firm attachment to 
the bottom and, at the same time, giving rise to a peridermlike, brownish 
covering on the upper side of the embryo at this semispherical stage. 
The beginning of the secretion becomes visible by the formation of 
fine pseudopods on the surface of the ectoderm cells. The glutinous 
matter secreted by each of these cells hardens, and the covering (in 
consequence of this mode of formation) shows a polygonal pattern on 
its surface (see FIGURE 9,b). Therefore, the mode of formation of this 
covering seems to be homologous with the resting stage derived from the 
fertilized eggs in the freshwater polyp Hydra and is similar to the 
corresponding process in the bottom stages of Corymorpha nutans (Rees, 
1937), in which the eggs liberated from the medusae also sink to the 
bottom and become attached (see page 26, below). 

The above-described change of form and the development of the 
periderm covering is completed in Margelopsis about 24 hours after the 
liberation of the sterroblastula from the manubrium. This process, which 
takes place regularly, was observed in a typical manner not only on the 
glass bottom of the culture bowls but also on various ‘‘natural’’ settling 
bodies, such as shells of mussels and snails. It must be, therefore, 
a phenomenon of normal development and, when first observed, could be 
explained only as a process of making the stage fit for a longer resting 
period. 

This was proved by further observations. This bottom phase remained 
in the same condition for weeks and months without any change. Only 
in a single case was further development observed after a few weeks. 
In this instance, the moment of liberation of the resting stage from the me- 
dusa stage was not noted. But, timed by the beginning of the experiment, 
this stage may have had a maximal duration of 5 to 6 weeks, when the 
hydroid hatched on October 27, 1952. This hydroid did not differ from 
the specimens produced on the manubrium of the medusae and originated 
from subitan eggs. It was reared, and it produced medusae in the usual 
manner by budding. These medusae followed the described mode in their 
development. At first, they produced the smaller subitan eggs and later, 
the larger resting eggs. Also, in this new generation of medusae, males 
were absent. 

All other bottom stages kept during the winter under differing 
conditions and, especially, under differing water renewals and varying 


Werner: Margelopsis haeckeli Hartlaub 23 


temperatures, showed only minor signs of further development until 
spring, 1953. As far as could be seen through the brownish surface 
covering, towards the end of the winter, or perhaps a little earlier, a 
change took place in the endoderm, the cells of which became smaller 
and permitted the development of the gastral cavity. In the beginning of 
spring, the period of the winter resting stage was finished. Under the 
covering a hydroid was formed which hatched in a more or less well- 
developed condition. The hatching process was observed several times. 
The hydroid extended itself, and regularly broke through the thinnest 
part of the covering, namely, the underside, at the same time lifting 
itself from the bottom. In Figure 9, a, c, the hatching opening can be 
seen on the flat underside of the empty covering. No striking difference 
of form was observed as compared with hydroids liberated from the 
manubrium and originating from subitan eggs. All hydroids hatched from 
resting stages, a short time later, attained the same differentiation as 
the “‘medusa hydroids.’’ A number of the ‘‘resting-stage hydroids’’ were 
reared. They, also, did not differ, in their further development, from the 
other type. 

In the cultures, hatching began in March and reached its culmination 
in April, extending, however, in a small number of cases to May and 
June. In all the cultures, about 60 hydroids hatched from the described 
resting bottom stages. In every case, the hatching process was a complete 
one and the hydroid did not become attached to the bottom. In the culture 
bowls, therefore, all specimens were lying free on the bottom. In open 
water, doubtless, they would begin a planktonic life because the currents 
in the open sea would take them from the hatching place bringing them 
into the upper water layers. A sedentary hydroid is, therefore, omitted 


in Margelopsis haeckeli. 
It is very interesting that the hydroids were hatched out of the 


.eSting stages, in my cultures, only a few weeks earlier than they must 
have hatched on the bottom of the open sea. According to the obser- 
vations of the last two years, hydroids were present in the plankton of 
the shallow sea north of the island of Sylt, West Germany, at the end of 
April 1952 (for the first time on April 22) and on April 29th, in 1953. 
In each case, only a few hydroids were found. The fact that, in the 
plankton, hydroids occur first instead of medusae is now explained by 
the results of the culture experiments. Furthermore, it can be concluded 
from the small number of hydroids found in the spring plankton, that 
the number of hydroids hatched out of the resting stages in the open 
sea is not very large. By means of medusa budding, however, these few 
hydroids are able to produce numerous medusae within a short time, 
and these, by producing numerous‘‘subitan egg hydroids’’ on their ma- 
nubrium, provide for an intensive propagation. Thus. hydroids and 
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medusae are present in the summer plankton at the same time, as Hartlaub 
has already stated. In the months of June to August, the stock attains 
its highest strength, but hydroids and medusae disappear fairly quickly 
at the end of the August. By producing resting eggs, which concludes 
the phase of sexual activity, the medusae provide for the maintenance 
of the species, securing its continuity with the generations of the follow- 
ing year. 

(4) Effects of external factors on egg determination. A further obser- 
vation must be mentioned briefly: that the production of subitan eggs 
apparently represents a very unstable process since it can be easily 
affected by external factors. Under such circumstances, the forming of 
subitan eggs can be reduced to a few eggs or can be completely sup- 
pressed. In the latter cases, the medusae produce the resting eggs at once 
on reaching sexual maturity, so that, in such cases, they could not have 
attained full size nor the full number of tentacles. This observation was 
made both in many culture-reared specimens, as well as in medusae of 
plankton samples of the summer of 1953. But if the subitan eggs are 
produced at all, they are produced in the apparently invariable succession 
before the larger resting eggs. Those medusae in which the forming of 
subitan eggs is suppressed produce only the resting eggs. Several series 
of experiments were made to determine the factors which’ effect the 
production of the two egg types. The first positive result of the experi- 
ments proved temperature and food conditions to be essential factors. 
Under high temperatures (18-20° C.) and poor feeding, the number of 
subitan eggs may be reduced or completely suppressed. Similar experi- 
ments to ascertain the dependence of the subitan and resting egg pro- 
duction on those and other factors will be reported in a later publication. 


Discussion 


During the life history of Margelopsis haeckeli the medusa and 
hydroid generations hitherto have been known to occur at the same 
time only in the summer plankton, the hydroids developing on the ma- 
nubrium without undergoing a free planula stage. By means of the obser- 
vations reported here, as the result of our laboratory breeding experiments 
and by examination of the medusae and hydroids of the plankton stock, 
it has been possible to clear up completely the life cycle of this species. 
Several characteristic and extremely interesting features have been 
brought to light, some of them new to our knowledge of the order Hydroida, 
of the class Hydrozoa, and, apparently, of the entire Phylum Coelenterata. 
So far as it is known to me, the absence of males and, consequently, the 
necessarily parthenogenetic mode of development of the eggs produced 
by the female medusa has, heretofore, remained undescribed for all 
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groups of the Coelenterata. In Margelopsis, parthenogenesis has occurred 
without a break in my cultures for generations and, since males are 
absent, parthenogenetic development must also occur in planktonic 
medusae of the open shallow sea, as observed to the north of Sylt. Further 
investigations may show whether or not, under special conditions, the 


occasional occurrence of males may be possible. 
Due to the fact that the eggs develop unfertilized and attached to 


the manubrium of the medusa, a comparison with the mode of medusa- 
budding on the manubrium in Rathkea octopunctata and other Hydro- 
medusae (Berrill, 1950) seems to be possible. From the exact results 
of Chun (1895), it is well known that the medusa buds on the manubrium 
of Rathkea originate from a single ectoderm cell which is undifferentiated 
from the rest in size and structure. Regarding the fact that, in Margelopsis 
as in the other Anthomedusae, all odgonia are derived from undifferenti- 
ated ectoderm cells of the manubrium, there exists here an interesting 
parallel with the parthenogenetic development cycle. The only differ- 
ences are that the cell is destined to become an ovum in the gonad and, 
furthermore, in the starting time and the region where further development 
takes place. Thus, theoretically, a parallel relationship between the egg 
development in Margelopsis and the medusa-budding in Rathkea does 
not seem impossible. But the principal difference is in the resulting 
generations which, in Rathkea, is the medusa, as in its parent and in 
Margelopsis, the alternating hydroid generation. 

Furthermore, in so far as I know, the production of two types of 
eggs has not been described as a common characteristic of Hydromedusae 
and Hydrozoa and, in fact, of all Coelenterata in genezal. Other animal 
phyla also show parallels, such as, for example, the archiannelid 
Dinophilus. The reproduction of this worm is characterized by the 
occurrence of two types of eggs of different size in the same egg capsule 
the smaller eggs giving rise to the males, and the larger ones to females. 
In Margelopsis, the two egg types are not produced at the same time 
but during consecutive periods and, furthermore, this mode of develop- 
ment does not indicate sex differention. 

Other well-known examples of the production of two egg types 
occur in the Rotatoria and Cladocera. In the species of these groups, the 
subitan or summer eggs differ, in size and mode of development, from 
the resting or winter eggs. The eggs of the first category serving for 
rapid and prolific reproduction in the favorable season, mostly develop 
parthenogenetically. On the other hand, the eggs of the second category 
securing the continuance of the species during the winter, must generally 
be fertilized. The production of the two different egg types in these 
groups suggests a comparison with the corresponding course of events 
in Margelopsis. As above described, the subitan eggs of this medusa 
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are also seen to develop continuously and to have the same function 
as the subitan eggs in the Rotatoria and Cladocera. The parallelism 
is surprising, since parthenogenesis also occurs in Margelopsis. Does 
the accord in function run true for the second egg type, as well? Asa 
matter of fact, Margelopsis also produces resting or winter-bottom 
stages, as is shown by the author’s observations. It must be noted, 
however, that the development of the winter eggs of the Rotatoria and 
Cladocera, for the most part, though not invariably, requires fertilization. 
Consequently, males occur periodically. In Margelopsis, however, the 
resting eggs develop parthenogenetically, as the subitan eggs do. By 
further investigations it is to be ascertained whether or not sucha mode 
of development and reproduction occurs in the Hydromedusae only in 
the case of the apparently highly specialized Margelopsis. Generally, 
this special manner of development is a further example of the well- 
known phenomenon that nature uses to take the same well-proved path 
in quite different groups of animals. 

It is to be noted that the medusae of the related genera Corymorpha 
and Ectopleura have the sexes separate and, as far as is known, produce 
one type of eggs only. Furthermore, they differ from Margelopsis, as 
mentioned above, in the sedentary life of the hydroid, which seems to 
be the generation which preserves the species during the winter. Also, 
in their life history and development, there are several: interesting 
points by which these genera may be compared with Margelopsis. As 
briefly mentioned above, Rees (1937) reports that the eggs af Carymorpha 
sink to the bottom and attach themselves. After the short time of about 
six days, the hydroid hatches, undergoing immediately thereafter a 
sedentary life. Besides, according to Rees (1941, page 135) the hydroid 
of Corymorpha ‘‘is capable of a certain amount of movement.’’ In 
Ectopleura, however, the egg is of little specific gravity. Therefore, it 
passes through a floating stage, immediately after being liberated from 
the medusa and develops into a pelagic actinula which, a few days later, 
sinks to the bottom, and, attaching itself by the aboral pole begins a 
sedentary hydroid life.* 


Summary 


(1) The anthomedusan Margelopsis haeckeli Hartlaub occurs in the 
summer plankton of the coastal areas of the North Sea. In comparison 
with other Hydromedusae, this species shows peculiar features in its 


biology, development, and reproduction: (a) the hydroid is solitary and 


*According to unpublished observations of the author, the first actinulalike hydroid 
in this latter genus undergoes a true pelagic stage for a few days. Regarding these facts, 
the author suggests that the genera Corymorpha, Ectopleura, and Margelopsis may be 
ranged in one biological series in which Margelopsis exhibits the highest degree of 
specialization towards a pelagic life. Its life cycle, however, is not a completely pelagic 
one, since a sterroblastula bottom stage occurs, a longer resting period lasting through 
the winter until spring. 
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pelagic; (b) in the medusa, the eggs are attached to the manubrium and 
develop directly to actinulalike hydroids without undergoing a pelagic 
planula stage. The hydroid reproduces in the usual manner by budding 
off medusae. Therefore, in the months from June to August, medusae and 
hydroids occur in the plankton at the same time. 

(2) By artificial rearing of the medusae and hydroids, these known 
data were completed, and new and interesting observations on the 
morphology, development, and reproduction of the species were made. 

(3) The fully grown medusae have four to seven tentacles on each 
of the four marginal bulbs instead of three to four, as Hartlaub (1897) 
stated. Therefore, the number of tentacles is not a systematic feature 
differentiating this species from the American species, M. gibbesi 
McCrady. 

(4) In the cultures, males were always absent. All of several hundred 
specimens examined were females, producing only egg cells. Isolated 
specimens reproduced in the same manner. Also, hitherto, no males 
have been found in the plankton samples, and no trace of separate male 
organs has been observed. Nor have any signs of normal spermatogenesis 
been detected in the gonad which encircles the manubrium. However, 
simultaneous or consecutive hermaphroditism and, therefore, self- 
fertilization are improbable. The eggs produced by the medusa must be 
supposed to have a parthenogenetic development mode, though partheno- 
genesis is hitherto unknown in the Hydromedusae. 

(5) By carefully controlled rearing over a long period, the medusae 
were observed to produce two types of egg cells of differing size and 
development, a feature hitherto unknown in Hydromedusae and apparently 
in the Phylum Coelenterata. 

(6) The smaller egg cell type which is produced first develops 
continuously on the manubrium in the hydroids. This smaller egg corre- 
sponds to the subitan or summer egg of the Rotatoria and Cladocera. When 
it starts the production of the smaller subitan eggs, the medusa is not 
yet fully grown with regard to the size of the bell and the number of 
tentacles. Apparently, this is a case of pedogenesis. 

(7) After finishing the production of the subitan eggs, the medusa 
continues to grow and simultaneously, the gonad continues to develop 
and enlarge itself. In the ovary, larger egg cells are then produced which, 
after their extrusion, remain attached to the ectoderm of the manubrium. 
As in the case of the subitan eggs, this second larger egg type also 
develops parthenogenetically. 

(8) When discharged from the gonad, the uncleaved egg cells and 
the first cell division stages of the second type are equipped on their 
surfaces with numerous nematocysts which originate from the ectoderm 
of the manubrium. In the subitan eggs, the nematocysts are absent, their 


28 Annals New York Academy of Sciences 


surface being smooth. Therefore, a physiological affinity must be present 
and efficient between the larger eggs and the nematocysts. In the more 
advanced cleavage, the nematocysts are embedded in the ectoderm layer. 

(9) The large egg cells develop on the manubrium only to the sterro- 
blastula stage. At this stage, the development is stopped, and the sterro- 
blastulae are liberated and sink to the bottom. The larger eggs of the 
second type must be considered as resting eggs. 

(10) Very probably, the first attachment of the resting eggs to the 
bottom is accomplished by the nematocysts, as all belong to the type of 
““stereoline glutinants,’’ i.e., haplonemes, being capable of ES normal 
function on the uncleaved egg. 

(11) The definite attachment to the bottom takes place through a 
change of form and, at the same time, by evolving a secretion function 
on the surface. From these processes originate firmly attached resting 
stages of a semispherical form, protected by a peridermlike covering. 

(12) After a winter resting period of five to six months, hydroids 
hatch out of the resting stage during the spring. These ‘‘resting stage 
hydroids’’ are homologous to the ‘‘subitan egg hydroids’’ produced on 
the manubrium of the medusae in the foregoing summer as regards their 
morphology and mode of development. The hydroids hatched out of the 
resting stage do not attach themselves and, therefore, must pass through 
a pelagic life. By means of budding medusae, these resting stage hydroids 
provide for intensive propagation, by which the life cycle is closed. 

(13) The process of production of the subitan eggs is a very unstable 
one, and it can be affected by external factors. Unfavorable conditions, 
reduce or suppress this process completely. The experiments made 
hitherto showed that high temperatures and poor nourishment are such 
conditions. The determination of egg production, therefore, is of such a 
nature that the continuation of the species by the production of the 
larger resting eggs has superiority over an accelerated propagation of 
the stock by the production of subitan eggs. 

(14) In Margelopsis, a true sedentary hydroid is absent, but the life 
cycle is not a completely pelagic one, since an attached bottom stage 
is present. As for the life cycle and development, Margelopsis and the 
related genera Corymorpha and Ectopleura can be arranged in a series, 
Margelopsis exhibiting the highest degree of specialization towards a 
pelagic mode of life. 
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